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ABSTRACT 
The purpose of this paper is to delve into the maternal influence on the offspring 
microbiome, and how maternal lifestyle factors and choices; mode of birth, feeding 
method, stress and the interventions used to alleviate said stress, maternal age, substance 
use, exercise, and nutrition, alter the microbiome and therefore affect the 
neurodevelopment of the offspring. The human microbiome is composed of billions of 
bacteria, fungi, protozoa, and viruses that occupy the gut, skin and other areas of the 
body. Numerous studies have illustrated the importance of the microbiome in healthy 
human physiologic processes including energy metabolism, gut health, immune function 
and neurobehavioral development. Furthermore, the relationships between the gut 
microbiota and the brain have been increasingly studied to try to identify correlations 
between digestive health and emotional and behavioral health. Jasarevic et al. (2015) 
established the vertical transmission of the maternal vaginal microbiome through vaginal 
delivery, and Moya-Pérez et al. (2017) discussed the disruption in offspring gut 
microbiota due to cesarean delivery. Due to this relationship between the maternal and 
offspring microbiome, and the consequences of the microbiome composition on neural 
development, mitigating situations that would lead to detrimental effects on the 
development of the offspring is of immense importance. To conduct this review, 
databases such as PubMed were utilized to find papers investigating maternal factors and 
behaviors that affect the microbiome and how the microbiome alters neurodevelopment. 
It is expected that this review will illustrate a mechanism for changes to the normal 
neurodevelopment of offspring caused by pre and post-natal maternal behaviors.  
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Introduction 
During the gestation period for humans, a fetus goes from two cells to a complex 
multicellular organism in around forty weeks. By the second month of pregnancy the 
nervous system has formed from the neural tube and at this point, the brain as well as the 
spinal cord are detectable (CDC, 2019). However, development of the brain is not 
complete by the time of parturition. Neuroplasticity, or the ability of the brain and 
nervous system to change due to experiences and stimuli, both intrinsic and extrinsic, is 
observed in humans across the lifespan, meaning significant changes to the nervous 
system occur after birth, (Mateos-Aparicio, P., & Rodríguez-Moreno, A., 2019).  
Due to the immense neurodevelopment and other changes that occur outside of 
the womb, the environment the neonate is exposed to is of critical importance. Social, as 
well as, and potentially more importantly, molecular factors play a monumental role in 
the continued development and ultimate formation of the nervous and immune systems of 
the offspring.  
Advances in science and medicine are enabling people to live longer and 
relatively healthier lives, however rates of obesity and related disorders, in addition to 
neuropsychiatric disorders and mental illness remain as debilitating conditions affecting a 
large majority of the population (CDC citation). Since the National Institute of Mental 
Health established a project in 2013 to investigate the relationship between the brain and 
the GI tract, research surrounding these illnesses has shifted to investigating the role of 
the microbiome and how the billions of microbes within the human host relate to and 
affect overall health and wellbeing (Wang, H., & Wang, Y., 2016). The intent of this 
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project, and subsequent studies, has been to investigate new and potentially non-
pharmacological interventions and treatments for neuropsychiatric disorders such as 
autism spectrum disorders (ASD), depression, anxiety, and even schizophrenia (Wang, et 
al., 2016). 
 
Importance of the Microbiome1  
The human microbiome is composed of billions of bacteria, fungi, protozoa, and 
viruses that occupy the gut, skin and other areas of the body. A major function of the 
microbiome is the protection it provides against overgrowth of harmful bacteria and 
pathogens, not only in the gastrointestinal tract, but also on the skin, in the mouth, and 
other areas of the body (Yang, I., Corwin, E., Brennan, P., Jordan, S., Murphy, J., & 
Dunlop, A., 2016). During the pre and postnatal periods many changes occur to the 
neural as well as microbial organization of an individual, with these changes having 
major lasting effects on development. It is critical that during these developmental 
windows, energy balance remains in homeostasis to ensure the developing systems have 
appropriate metabolic resources. Numerous studies have illustrated the importance of the 
microbiome in healthy human physiologic processes including energy metabolism, gut 
health, immune function and neurobehavioral development, (Jašarević, E., et al., 2015). 
A 2011 study found an association between early antibiotic use and the development of 
                                                 
 
1
 There is a distinct difference in the definition of ‘microbiota’ and ‘microbiome’. Microbiota are the 
organisms, whereas the microbiome refers to the genes within those organisms.  Colloquially, and for this 
review, the terms ‘microbiome’ and ‘microbiota’ will be used interchangeably. 
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asthma and allergy, in the absence of family history, by age 6 (Risnes, K. R., Belanger, 
K., Murk, W., & Bracken, M. B., 2011), and multiple studies have begun to find links 
between gut microbiome dysbiosis and neurodevelopmental disorders such as autism 
spectrum disorder, schizophrenia spectrum disorders, as well as behavior disruptions, 
(Yang, et al., 2016; Fineberg, et al., 2015).  
 
 
Acquiring the Microbiome 
There is some debate over how and when the neonate acquires their microbiome. 
Yang et al., 2016). Studies have been published on the vertical transmission of the 
maternal microbiome to the neonate prior to birth (Barko, P. C., McMichael, M. A., 
Swanson, K. S., & Williams, D. A., 2018), but these findings are not accepted by the 
field as a whole. It is widely accepted that the neonate is exposed to the maternal 
microbiome during parturition, and as mentioned above, the composition of the neonate 
microbiome depends on the mode of birth. A 2015 study investigated the difference in 
offspring microbiome composition based on mode of birth, vaginal delivery (VD), 
cesarean delivery (CD), or cesarean delivery followed by inoculation with vaginal fluid 
collected from the mother immediately preceding cesarean delivery (CDI). This study 
found a significant difference in the levels of lactobacillus in the VD and CD offspring 
microbiome cultures but found no discernible difference in the levels between the VD 
and CSI offspring. This result led the researchers to conclude the microbiome is vertically 
transmitted from mother to offspring during parturition (Jašarević et al., 2015).  
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Figure 1. Vertical transmission of microbiome from mother to offspring  
Illustrates the concept of vertical transmission of microbes from mother to offspring (modified 
from Cho et. al., 2012).  
 
 
However, it is not until the end of the first year of life that the infant microbiome 
stabilizes and resembles the composition of an adult microbiome. That is there are many 
important factors affecting the microbiome after parturition, during critical development 
periods that need to be considered (Chung, Ravel, & Regan, 2018). 
In utero, the fetus swallows amniotic fluid which until recently was assumed to be 
sterile, but several studies have published evidence of bacteria, bacterial DNA and/or 
bacterial products in samples of the placenta and amniotic fluid (Chong, C. Y. L., 
Bloomfield, F. H., & O’Sullivan, J. M., 2018), though more research is necessary to 
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isolate live bacterial cultures from said samples. However, after birth, the microbiome 
composition continues to be shaped and influenced by the type of feeding, i.e. breast milk 
or formula milk (Chong et al., 2018). The first substance passed through the GI tract of 
the neonate after parturition is milk. Therefore, milk plays a monumental role in the 
colonization of the GI microbiome. It has been suggested that the milk consumed by the 
infant influences the colonization of their GI tract microbiota due to reported similarities 
in the microbial composition of the mother’s colostrum and the infant’s meconium 
(Chong et al., 2018). Many studies report a less diverse GI microbiome in infants who 
were strictly breast fed compared to infants who were only formula fed or fed a mix of 
breast milk and formula (Davis, E. C., Dinsmoor, A. M., Wang, M., & Donovan, S. M. 
(2020). The more diverse colonies (noted in infants fed formula) were found to contain 
staphylococcus, anaerobic Streptococcus, Clostridium, C. difficile and E. coli among 
other potentially detrimental bacteria (Yang et al., 2016). It has also been reported that 
infants with greater abundance of Clostridium and C. difficile have a higher incidence of 
developing allergies and other allergic symptoms such as wheezing, atopic dermatitis, 
and eczema (Yang et al., 2016). 
 
Linking the Microbiome to neurodevelopment: Gut-brain axis 
 There exists a bidirectional relationship between the microbiome and the central 
nervous system referred to as the gut-microbiota-brain axis (Wang & Wang, 2016). It has 
been hypothesized that communication occurs between the GI tract and CNS via multiple 
pathways: the gut immune system, the blood brain barrier, the vagus nerve, and some 
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neurotransmitters and neural regulators synthesized by gut bacteria. The interaction of the 
GI tract (and the microbes within it) and the central nervous system has been the focus of 
millions of dollars of research over the past ten years, resulting in an understanding of the 
influence of the GI tract on the central nervous system, but little is known about how the 
brain affects the GI tract and microbiome (Borre et al., 2014).  
 With the understanding of the relationship between the gut and the central 
nervous system comes the beginning of an understanding of certain symptoms associated 
with characterized disorders. Previously, it was thought that depression associated with 
irritable bowel syndrome was caused by the diagnosis of IBS, however further study into 
the neural pathways in both diseases suggest depression could play a role in the 
development of IBS (Mudyanadzo, T. A., Hauzaree, C., Yerokhina, O., Architha, N. N., 
& Ashqar, H. M., 2018).  Other disorders being investigated include autism spectrum 
disorder (Isaksson, Pettersson, Kostrzewa, Diaz Heijtz, & Bölte, 2017), schizophrenia 
spectrum disorders (Yang, Corwin, Brennan, Jordan, Murphy, & Dunlop, 2016), as well 
as behavior disruptions, (Fineberg, Ellman, Schaefer, Maxwell, Shen, Chaudhury, 
Brown, 2015).  Due to early findings, the relationships between the gut microbiota and 
the brain have been increasingly studied to try to identify correlations between digestive 
health and emotional and behavioral health. 
 One research team set out to investigate how gut microbiota colonization would 
affect neurodevelopment in terms of anxiety like behaviors as well as motor behaviors. 
The team tested germ free (GF) mice, mice raised in a bacteria free environment, against 
specific pathogen free (SPF) mice with a normal microbial composition in a variety of 
experiments. They found that GF mice exhibited an increase in motor behaviors and 
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abnormal anxiety like behaviors when compared to the SPF mice. These behavior 
profiles have been previously seen in studies of altered gene expressions in second 
messenger pathways illustrating that the presence of the microbiome is important in 
neurodevelopment (Heijtz, Wang, Anuar, Qian, Björkholm, Samuelsson, Pettersson, 
2011). The team also completed another experiment where they exposed the GF mice to 
gut microbiota early in development and found the GF mice had similar developmental 
characteristics to the SPF mice later in life (Heijtz et al., 2011). This supports the idea of 
critical periods of development which will be discussed later in this paper.  
 
Alterations to the Normal Microbiome 
As important as the microbiome is to proper development of the neonate, the 
composition of the microbiome is extremely susceptible to changes. Alterations caused 
by a variety of different stimuli with these changes potentially have a greater effect on the 
outcome of development (Hasan, N., & Yang, H., 2019, Yang et al., 2016).  
Antibiotics taken to rid the body of illness inducing pathogens are not specific for 
“bad” bacteria and will also clear the body of the “good” bacteria (Yang et al., 2016). 
This clearance of bacteria disrupts the homeostasis of the gut flora and allows for the 
growth of bacteria that become pathogenic when overabundant in the wrong locations, 
such as Clostridium difficile. The overgrowth of this bacteria can also lead to energy 
imbalances as these strains may require more nutrients to sustain themselves than the 
endogenous bacteria that normally grows at these sites (Jašarević et al., 2015). 
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While the mechanism has not yet been confirmed, there is a relationship between 
aging of the host and changes to the microbiome (Nagpal, R., Mainali, R., Ahmadi, S., 
Wang, S., Singh, R., Kavanagh, K. ,  Yadav, H., 2018). It has been observed that the 
composition of the microbiome shifts across the lifespan, with notably more immune 
system-benefitting bacterial taxa in immature colonies, and more mature colonies 
containing more pathobionts. It has been hypothesized that this shift can contribute to the 
decline in immune function and increase in disease experienced by older adults (Aleman, 
F.D.D., Valenzano, D.R., 2019). This shift in microbial composition could be a cause of 
developmental and cognitive delays sometimes observed in offspring born to mothers of 
advanced maternal age, and suggests that this birth outcome could be affected by the 
rebalancing of the microbiome composition before, during, and immediately after 
pregnancy.  
Studies have been done to investigate the effect of method of delivery on the 
microbiome of the infant. Infants born via vaginal delivery will have microbiota that 
closely resemble the maternal vaginal microbiome, whereas infants born via a cesarean 
section have flora with higher levels of organisms normally found in the skin microbiome 
(Jašarević, E., Howerton, C. L., Howard, C. D., & Bale, T. L., 2015). Other studies have 
reported that infants delivered via cesarean section will have a gut microbiome that more 
closely resembles the bacteria in the delivery room and of the medical staff assisting in 
the birth, illustrated by levels of C. difficile found in cesarean section infant stool 
samples, and in hand swab/ stool samples taken from healthy hospital workers (Chong et 
al., 2018). 
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Overall, diet as well as the presence of probiotics and prebiotics in the diet will 
affect the composition of the microbiome. Alterations to the diet in general can cause 
entire shifts of the composition of the microbiome in as little as a twenty-four hour period 
(Singh, R. K., Chang, H. W., Yan, D., Lee, K. M., Ucmak, D., Wong, K., Abrouk, M., 
Farahnik, B., Nakamura, M., Zhu, T. H., Bhutani, T., & Liao, W., 2017). Macronutrients, 
protein, fats, and carbohydrates, each affect the health of an individual via their effect on 
the microbiome composition and colonization. The effect of protein on the microbiome 
has been studied since the 1970’s and overall protein consumption has been correlated 
with microbial diversity (Singh, et al., 2017). It is important to note that not all protein is 
created equal. Animal proteins (meats, eggs, dairy products etc.) have been found to 
increase the levels of insulin-like growth factor 1 (IGF-1) which has been linked to 
increased rates of obesity, cancer, and mortality. However, plant based proteins do not 
generate the same rates of mortality (Singh et al., 2017).  
Saturated and trans fats have been found to contribute to disease whereas mono 
and polyunsaturated fats have been found to alleviate disease risk. The western diet, 
being high in saturated and trans fats, and low in mono and polyunsaturated fats affects 
the microbial composition of the gut and contributes to disease prevalence. Many studies 
have been conducted to investigate the effects of different kinds of fat of the GI flora. 
These studies include testing the source of fat, lard vs fish oil, and found that lard fed 
mice has increased TLR activation, adipose tissue inflammation and decreased sensitivity 
to insulin (Singh et al., 2017).  
11 
 
 
Digestible carbohydrates which are broken down by the small intestines into 
sugars such as glucose, sucrose, lactose, and some starches have been found to increase 
the diversity of bifidobacterial (good bacteria contributing to overall health of the host) 
and decreases bacteroides (potential pathogens). Indigestible starches pass through the 
small intestines and are instead broken down in the large intestines, feeding the bacteria 
and promoting gut health, as well as providing the host with a source of carbon and 
energy. These starches are also referred to as prebiotics, and diets low in these substances 
have a lower abundance of bacteria (Singh et al., 2017). 
Probiotics have been defined as “living microorganisms, which when 
administered in adequate amounts confer health benefits on the host” (Hemarajata, P., & 
Versalovic, J., 2013). Many types of probiotics have been reported to increase overall 
diversity and abundance of bifidobacterial in the GI tract, and some types are being 
studied for their effects on the induction of the anti-inflammatory cytokine IL-10. Due to 
their apparent overwhelming benefit to host health, probiotics have been suggested as a 
new therapeutic intervention for not only GI disorders. Investigations have also begun 
into the benefits of probiotic supplementation on neurodevelopmental and mood 
disorders due to the relationship of the gut microbiota to the central nervous system 
(Borre et al., 2014). A study published in 2016 by Buffington et al., examined the 
relationship between maternal obesity and offspring neurodevelopment using a maternal 
high-fat diet (MHFD). They found that the MHFD caused a detrimental shift in the 
microbiome composition which led to social developmental delays in the offspring. They 
suggest in their paper that use of probiotics to rebalance the maternal microbiome may 
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help to alleviate some of the behavior disruptions observed in the offspring (Buffington et 
al., 2016). 
It has been illustrated time and time again as to how stress can manipulate not 
only psychological processes, the immune system, and the overall health of an individual. 
However, stress also plays a large role in the composition of the microbiome. A study 
published in 2015 investigated the relationship between prenatal stress and offspring GI 
microbiota. This was done in an effort to explain the mechanism underlying the 
relationship between prenatal stress and infant health. Researchers found that infants born 
to mothers who had experienced high levels of stress (stress was self-reported and 
identified through elevated levels of salivary cortisol) had significantly higher abundance 
of bacterial groups known to contain pathogens and lower levels of lactic acid bacteria. 
These infants were found to have higher instances of health disruptions and allergic 
reactions reported by the mothers (Zijlmans, et al., 2015). 
 
RESEARCH STRATEGIES 
Papers for this review were found using the databases available through the 
library at Philadelphia College of Osteopathic Medicine. Keyword searches, such as 
“microbiome”, “maternal stress”, “gut-brain axis”, “dysbiosis”, and “neonate” were 
conducted for papers published between the years 2010 to 2020. Papers were then read 
for relevance to the subject matter before being included in this review.  
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DISCUSSION 
Due to the fact that all of the factors mentioned in the introduction can affect and 
alter the microbiome, and because the microbiome is vertically transmitted from mother 
to offspring, it is of utmost importance that the expectant mother do what she can to 
ensure a regular and healthy microbiome. 
Some could argue that the environment also plays a role in microbiome formation 
so even if dysbiosis was present due to maternal influences, the microbiome can remedy 
itself leading to proper colonization. However, studies in animal models have illustrated a 
critical period for microbiome influence on development on stress responses using fecal 
transplants from mice born and raised in a germ-free environment and specific pathogen 
free mice (Warner, 2019). Table 1 illustrates a comprehensive list of studies that have 
been done to support the effect of microbiome dysbiosis on varying critical periods of 
development.  
 
Table 1. 
Model Behavior/response Developmental period Reference 
GF vs. SPF mice 
Increased HPA stress 
response 
Early (<6 weeks) colonization of GF animals 
with SPF microbiota reversed HPA stress 
response No effect at later age 
Sudo et al.2  
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GF vs. SPF mice 
Increased motor activity 
Decreased anxiety-like 
behavior 
Preconception colonization of GF animals with 
SPF microbiota normalized behavior, 
synaptophysin, and PSD-95 levels in the striatum 
to SPF levels. No effect from colonization of GF 
adults 
Diaz Heijtz et 
al.8  
GF vs. SPF mice BBB permeability 
Increased permeability evident in GF animals by 
embryonic day 16.5 
Braniste et al.31  
Anexic vs. CONV 
zebrafish 
Increased motor activity 
Colonization of anexic zebrafish 1–6 dpf, but not 
day 9, with CONV microbiota-normalized 
activity Mono-colonization 1 dpf was also 
adequate to normalize the activity 
Phelps et al.7  
In utero exposure 
to cell wall (CW) 
vs. CONV mice 
Cognitive function in 
offspring 
CW exposure on embryonic day 10, but not 15, 
induced behavioral changes and 
neuroproliferation 
Humann et al.88  
In utero exposure 
to antibiotics vs. 
CONV mice 
Decreased social 
interactions and 
exploratory motor 
activity in offspring 
Fostering in utero antibiotic-exposed offspring 
beginning DOL1 rescued behavior 
Tochitani et al.6  
MIA model (in 
utero exposure to 
poly (I:C)) vs. 
CONV mice 
MIA behavioral 
phenotype in offspring 
(increased anxiety, 
repetitive behaviors, 
decreased sociability) 
Treatment at weaning with Bacteroides fragilis 
improves gut barrier integrity, microbial 
dysbiosis, and modulates metabolic alterations 
with partial restoration of normal behavioral 
phenotype 
Hsiao et al.50  
MIA model, 
pretreated of 
mothers with 
vancomycin vs. 
CONV mice 
MIA behavioral 
phenotype in offspring 
Pretreatment with vancomycin or use of SFB free 
mothers prevents phenotype Colonization of SFB 
free mice with human derived commensal 
bacteria again precipitated phenotype and 
increase serum IL-17a 
Kim et al.49  
MHFD vs. MRD 
mice 
Impaired social 
behavior in MHFD 
Co-housing MHFD with MRD offspring at 
weaning rescued phenotype Fecal transplant of 
MRD but not MHFD to GF rescued phenotype if 
done at 4 weeks but not at 8 weeks of life Mono-
colonization with L. reuteri of MHFD at weaning 
recused phenotype 
Buffington et 
al.14 
Prenatal stress vs. 
no stress in 
CONV mice 
  
Early prenatal stress alters temporal changes in 
vaginal and gut microbiota of mother as well as 
gender-specific changes in infant gut microbiota 
Jasarevic et al.20, 
27 
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Prenatal stress vs. 
no stress in 
CONV mice 
Anxiety behavior and 
cognition in adult 
offspring 
Prenatal stress resulted in persistent change in 
behavioral phenotype to adulthood 
Gur et al.28  
Prenatal stress vs. 
no stress in 
CONV mice 
HPA axis response and 
cognitive function in 
adult offspring 
Prenatal stress alters gut microbiota and 
correlates with changes in physiologic systems 
including CNS 
Golubeva et al.26  
Prenatal stress 
Rhesus monkey 
  
Prenatal stress decreased number of gut 
bifidobacteria and lactobacilli in offspring gut 
Bailey et al.25  
 
Table 1. Critical periods of development sensitive to microbiome changes  
Summarizes the critical periods of development affected by microbial influence, and the models used 
to illustrate it (Warner, 2019) 
 
Because these critical periods of development correspond to the development of 
the stress response, motor function, and other neurobehavioral effects, it is of utmost 
importance to maintain the proper microbial composition to ensure normal development.  
 
Consequences of Dysbiosis 
There is an intimate relationship between the microbiome and the overall health 
of the host. Dysbiosis of the microbiome can not only lead to problems with immune 
function, irritable bowel syndrome, and obesity, but also has been found to have negative 
effects on the central nervous system as well (Yang, Corwin, Brennan, Jordan, Murphy, 
& Dunlop, 2016). Multiple studies have begun to find links between gut microbiome 
dysbiosis and neurodevelopmental disorders (Mayer, Tillisch, & Gupta, 2015). One 
group of researchers observed mice raised in a germ free (GF) environment compared to 
mice raised in a standard environment. They found that GF mice exhibited abnormal 
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behaviors compared to the control. They were able to sort the behaviors into four groups; 
social interactions and behaviors that mirrored those seen in ASD, anxiety and stress 
related behaviors, learning and memory, and finally motor behaviors (Warner, 2019). 
It is estimated that Autism spectrum disorders affect 1 in 59 children, yet the 
cause of the set of disorders is still unknown. When a genetic link was unable to be 
identified, researchers turned to environmental factors as a way to try to explain the 
disease etiology and found links between microbiome dysbiosis and ASD. Due to the 
comorbidity of GI disorders and autism spectrum disorders, researchers began studying 
the relationship between microbiome dysbiosis and ASD in an attempt to find a 
mechanism for the development of ASD. The link between microbiome dysbiosis and 
ASD symptomology and severity was further investigated by two intervention studies 
where patient with ASD had their gut microbiome composition replaced, one by oral 
antibiotic use and one by microbiota transplant therapy, and in both studies the severity 
of symptoms was reduced. In the study using antibiotics symptoms and severity returned 
to baseline when treatment stopped (Warner, 2019).  
Individuals with psychiatric disorders such as schizophrenia and bipolar disorder 
are more likely than the general population to be diagnosed with and die from 
cardiovascular and metabolic diseases, as well as cancers and other chronic illnesses. One 
study proposed that the ‘leaky gut’ experienced in many GI disorders such as Celiac 
disease, allows for the translocation of gut bacteria into systemic circulation. The 
inappropriate presence of this bacteria in other parts of the body initiates an immune 
response eliciting certain components of the complement system which act in synapses in 
the brain predisposing an individual for psychiatric disabilities (Warner, 2019).  This 
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relationship between psychiatric disorders and physical ailments further supports the 
microbiome-gut-brain axis and has led to investigations into the efficacy of probiotic 
treatments for psychiatric conditions (Nguyen, et al., 2018).  
While researchers have been able to illustrates links between microbiome 
dysbiosis and neurodevelopmental disorders, the mechanisms underlying these changes 
are still being investigated. In some disorders, such as schizophrenia discussed above, 
one of the mechanisms causing a disruption of normal development has to do with 
inflammation due to misplaced bacteria and the resulting complement system 
components initiated to kill the pathogen. However, other studies have suggested the 
mechanism of change occurs elsewhere. A study published my Humann et al. in 2016 
showed that maternal prenatal infection and subsequent use of antibiotics in mice did not 
cause inflammation but still resulted in postnatal cognitive dysfunction. They found the 
initiation of the immune response led to the induction of a transcription factor that caused 
a 50% increase in neuroproliferation (Humann, et al., 2016). It was then hypothesized by 
the group that this increase in neuron density could cause the abnormal postnatal 
cognitive function observed in neonates born to mothers who experienced prenatal 
infections.  
Probiotics as Therapeutic Intervention  
As mentioned earlier in this paper, probiotics are live organisms that when 
consumed, benefit the host. While probiotic supplementation does not prevent disease, it 
has been shown to reduce the risk and severity of disease. Probiotic supplementation has 
been studied in a variety of models to assess for affect to the host and has been deemed 
generally safe.   
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Due to the mounting collection of evidence linking microbiome dysfunction with 
neurobehavioral development and psychiatric disorders, researchers have begun to 
experiment with probiotic supplementation as a means of therapeutic intervention for 
individuals with those disorders. One study investigating ASD-like behaviors in mice 
found that modulation of the microbiome via probiotic treatment reduced behaviors in the 
sample and suggested future studies should be done in humans (Cisbani & Bazinet, 
2020).  
Probiotics are widely accepted as safe for consumption, including during 
pregnancy and lactation. Table 2 below summarizes a collection of studies investigating 
the effects of probiotic supplementation during pregnancy. The authors also noted there 
were no published studies discovered in their search that demonstrated adverse effects of 
probiotic consumption during lactation as the probiotics are not absorbed systemically 
and do not infiltrate the colostrum. In many of the studies listed below the infants were 
put on a course of probiotics after parturition with no adverse reactions. 
 
Table 2. 
Randomized placebo-control trials of probiotics exposure during pregnancy 
STUDY 
NO. 
OF 
Pts 
PERIOD OF 
EXPOSURE PROBIOTICS 
PREGNANCY 
OUTCOMES COMMENTS 
Boyle et al,8 2008 73 
36 weeks’ 
gestation to 
delivery 
Lactobacillus 
rhamnosus GG Not reported None 
Kopp et al,9 2008 68 
4–6 weeks before 
expected delivery 
L rhamnosus GG 
No significant difference in 
gestational age, birth weight, 
Selected women with uneventful 
pregnancies and without 
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to 6 months after 
delivery 
or method of delivery underlying chronic disease (ie, 
diabetes mellitus, rheumatoid 
arthritis, chronic infectious 
disease) 
Kukkonen et al,10 
2008 1223 
4 weeks before 
expected delivery 
L rhamnosus GG and 
LC705; Bifidobacterium 
breve Bb99; and 
Propionibacterium 
freudenreichii ssp 
shermanii JS 
No significant difference in 
birth weight, birth length, and 
incidence of vaginal delivery 
Excluded birth at < 37 weeks’ 
gestation and infants born with 
major malformations. Babies also 
received treatment for 6 months 
after delivery 
Huurre et al,11 
2008 140 
First trimester to 
end of exclusive 
breastfeeding 
L rhamnosus GG and 
Bifidobacterium lactis 
Bb12 
No significant difference in 
gestational age or incidence of 
cesarean section 
Women with chronic or metabolic 
disease before or during early 
pregnancy were excluded 
Kuitunen et al,12 
2009 1223 
36 weeks’ 
gestation to 
delivery 
L rhamnosus LC705, B 
breve Bb99, and P 
freudenreichii ssp 
shermanii JS 
No significant difference in 
birth weight 
Babies received treatment for 6 
months after delivery 
Niers et al,13 
2009 156 
6 weeks before 
expected delivery 
to delivery 
Bifidobacterium bifidum 
W23 and B lactis W52 
No significant difference in the 
incidence of cesarean section, 
birth weight, or prematurity or 
gestational age 
Babies received treatment for 12 
months after delivery 
Allen et al,14 
2010 454 
36 weeks’ 
gestation to 
delivery 
Lactobacillus salivarius 
CUL61 and 
Lactobacillus paracasei 
CUL08 
No significant difference in 
adverse events related to 
pregnancy or childbirth 
Babies received treatment for 6 
months after delivery 
Luoto et al,15 
2010, 256 
First trimester to 
end of exclusive 
breastfeeding 
L rhamnosus GG and B 
lactis Bb12 
No significant differences in 
incidence of adverse 
outcomes; significantly lower 
birth weight (P = .035) and 
shorter birth length(P = .028) None 
 
Table 2. Effect of probiotics on pregnancy outcomes  
Summarizes previous studies investigating the effects of probiotics during pregnancy. Number of 
participants per study is included as well as the period of exposure, the probiotics used, and the pregnancy 
outcomes. Also included are comments about each study (Elias, et. al., 2011). 
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While current research supports the benefits of probiotic use to the mother during 
pregnancy and does not show adverse effects to the offspring, Fleming et al., caution the 
use of probiotics as the bacterial profile in probiotic supplements is not regulated, and can 
differ due to the live nature of the organisms (Fleming et al., 2019). Despite the general 
consensus that probiotics are safe and beneficial, in their paper, they caution the use of 
probiotics in vulnerable populations such as preterm infants as the lining of their GI tracts 
are not fully formed and could allow for adverse development of the bacterial 
communities across the body (Fleming et al., 2019).  
 
RECOMMENDATIONS FOR FUTURE STUDIES 
 
Current research supports the use of probiotics in potential therapeutic treatments 
for psychiatric and neurodevelopmental disorders (Warner, 2019), and the notion that 
probiotic use during pregnancy is safe (Elias, 2011). Because probiotics help regulate the 
microbiome composition and because the microbiome is vertically transmitted from 
mother to offspring (Jašarević et al., 2015), it would be interesting to investigate 
probiotics as an intervention in many prenatal studies, including increased prenatal 
maternal stress, advanced maternal age, and other environmental factors that affect the 
maternal microbiome. If probiotics can help maintain the normal composition of the 
microbiome, which can be altered by a variety of factors, could it help prevent adverse 
developmental outcomes in offspring that receive unbalanced microbiome colonies?  
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